Background: Birth weight (BW) is a medium-and long-term risk determinant of cardiovascular risk factors.
Introduction
Birth weight (BW) can be a medium-and long-term risk determinant of overweight/obesity, type 2 diabetes, and cardiovascular disease 1, 2 .
Evidence on the impact of intrauterine nutrition on the subsequent cardiovascular risk varies, with some studies having reported a relation to high or low BW [2] [3] [4] [5] [6] . A series of studies has reported a relationship between BW and cardiovascular risk in adolescents and adults with a U or inverted J distribution, showing greater risk factors clustering in individuals with low and high BW 7 .
Individuals with high BW (BW ≥ 4,000 g) or those large for gestational age, BW > 90 th percentile, are at higher risk for obesity measured by use of body mass index (BMI), but with a programming of more lean tissue rather than fat mass 7, 8 . However, infants with low BW have been reported to typically have poor muscle tissue and high fat preservation. This phenotype persists beyond the prenatal period and can be associated with increased central adiposity in childhood, increasing the risk of arterial hypertension and cardiovascular diseases in adulthood 3 . Thus, the need for early and more efficient treatment in children at higher risk began to be recognized in the last guidelines 9, 10 . Few studies have been performed on the Brazilian pediatric population, all conducted in the Southern and Southeastern regions [11] [12] [13] and two in the West Central region 5, 14 , but none in the Northeastern region of Brazil, which had the greater prevalence of low BW and dramatic socioeconomic and cultural differences as compared to the other Brazilian regions. The Brazilian Northeastern region, due to its nutritional transition phase, has shown an increasing prevalence of overweight and obesity 15 , which can increase the importance
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Arq Bras Cardiol. 2013;101(1): [9] [10] [11] [12] [13] [14] [15] [16] [17] of high BW on the population's future health. Thus, this study aimed at assessing the association between BW and cardiovascular risk factors in an adolescent sample of the city of Salvador, Bahia state.
Methods
A cross-sectional study was performed assessing BW by using medical documentation or conducting interviews with parents. Information from the data bank of a previous study on weight status and cardiovascular risk factors was used 16 . This study population comprised 470 adolescents aged 11 to 18 years and enrolled at public and private schools of the city of Salvador, Bahia state, who participated in the above mentioned study on weight status and cardiovascular risk factors.
The schools, selected according to convenience of the number of students, access to education and structural facilities for determining the variables assessed, comprised three private and four public schools in a middle-class area of the city. After meeting the inclusion criterion of informing the official BW by presenting the live birth certificate and/or vaccine chart and providing written informed consent, the final sample consisted of 250 students, 150 (60%) from public schools and 100 (40%) from private schools, representing 49.9% of the 334 students from public schools and 73.5% of the 136 from private schools.
The exclusion criteria were as follows: adolescents with special needs or pathologies that hindered taking the anthropometric measures and adolescents with no BW document. The primary object of study was the association between cardiovascular risk factors and BW. The cardiovascular risk variables assessed, either isolated or in clusters, were as follows: overweight/obesity; high blood pressure (BP); dyslipidemia; hyperglycemia; hyperinsulinemia; and insulin resistance (IR) measured according to the homeostatic model assessment of insulin resistance (HOMA-IR). The BW was classified according to the WHO criteria as follows: low (BW ≤ 2,500g); normal (BW > 2,500g and < 4,000g); and high (BW ≥ 4,000g)
17
.
The anthropometric measures were as follows: weight; height; BMI; waist circumference (WC). Height was measured with a stadiometer (Leicester) to the nearest 0.1 cm, and weight was measured with a digital scale to the nearest 0.1 kg. The BMI was calculated by using the Quetelet's formula (kg/m 2 ) and classified according to age and gender as follows: high-normal (≥ 50 th percentile and < 85 th percentile); overweight (≥ 85 th percentile and < 95 th percentile); and obesity (≥ 95 th percentile) 6, 14 . The WC was measured at the end of a normal expiration with a measuring tape placed in the horizontal plane between the lower portion of the last rib and the upper border of the iliac crest. The arithmetic mean of two measures was considered for analysis. Central obesity was defined as WC > 75 th percentile for age and gender, according to de Ferranti et al 18 .
Blood pressure was measured on the upper limb supported at heart level, after a 5 minute rest in the sitting position, with a mercury manometer (Missouri ® ). The wide of the cuff used was 40% of the arm circumference, measured at the middle point between the elbow and the acromion, and its length was 80% to 100% of that measure. Three consecutive readings at 60 second intervals were made, and their mean, recorded. Samples of venous blood (10 mL) were collected for biochemical analysis after a minimum 12-hour fasting. After centrifuging, the serum was stored in a freezer at -80°C. Glycemia and the following serum levels were measured: insulin; total cholesterol (TC); HDL cholesterol (HDL-C); and triglycerides (TG).
Glycemia was measured by using the colorimetric enzymatic method. Glycemia ≥ 100mg/dL was considered elevated. Fasting insulinemia was measured by using automated electrochemiluminescence immunoassay (ELISA). Reference insulin serum levels were those recommended by Reavene et al 19 as follows: normal, < 15 μU/L; borderline, ≥ 15 and <20 μU/L; and elevated, ≥ 20 μU/L.
The cutoff point used to diagnose insulin resistance was that recommended by Keskin 20 , HOMA-IR = 3.16. The TC, HDL-C and TG levels were measured by using enzymatic methods at a reference laboratory. LDL cholesterol was calculated with the Friedwald formula for TG < 400mg/ dL. The reference values were those recommended by the I Guideline on Atherosclerosis Prevention in Infancy and Adolescence 10 and the Third Report of the Adult Treatment Panel (ATP III) modified by de Ferranti 18 , with a change in the cutoff point of fasting glucose from 110mg/dL to 100mg/dL, as proposed by Grundy et al 21 . The diagnosis of metabolic syndrome (MS) required meeting at least three of the following five criteria: TG ≥ 100mg/dL; HDL-C < 50mg/dL (< 45mg/dL for boys aged 15 to 19 years); fasting glycemia ≥ 100mg/dL; WC > 75 th percentile for age and gender; and SBP > 90 th percentile for age, gender and height.
The BW was provided by the families, by presenting the vaccine chart and/or live birth certificate, all official documents provided by the maternity on the day of birth. At the initial interview, the adolescents were asked about their official BW documents. All those with neither a vaccine chart nor a live birth certificate were excluded. The BW distribution in this study sample was compared with data from the Brazilian Unified Health System database (DATASUS) in the 1994-1996 period, for the Salvador metropolitan region, confirming the reliability of our data 22 . The BW was classified as follows: low (BW < 2,500g); normal (BW > 2,500 and < 4,000g); and high (BW ≥ 4,000g) 17 . 
Statistical Analysis
Continuous variables were expressed as mean and standard deviation. The normality of the distribution of the variables was assessed by use of the Shapiro-Wilk test. Categorical variables were expressed as percentages.
Statistical tests
The means of the following variables were compared in the BW groups by use of analysis of variance (ANOVA): age; BMI; WC; SBP; DBP; glycemia; insulin; and lipid profile. The percentages of the following categorical variables were compared between two BW groups by use of Pearson chi-square test: BMI; WC; SBP; DBP; glycemia; and lipid profile. Multiple logistic regression was used to determine the independence of the influence of the variables associated with the outcome BW, identified by using bivariate analysis. The p-values p< 0.1 and p < 0.05 were adopted for bivariate analysis and logistic regression, respectively. The BW was divided into quartiles for Pearson correlation analysis. P-values lower than 5% (p<0.05) were considered significant. Data were analyzed by using the Statistical Package for the Social Science (SPSS) software, version 12.0. Table 1 shows the major demographic, anthropometric and clinical characteristics of the final sample (250 adolescents) distributed in groups according to gender. In the total sample, the mean age was 13.7±2.0 years and there was a significant predominance of the female gender (61.2% versus 38.8%, p<0.001). Females had a significantly higher age (p=0.026), while males had a higher BW (p=0.046), BMI Z-score (p< 0.001), WC (p=0.010) and SBP (p =0.002). The distribution of skin color was similar between genders, with 53.6% of non-white individuals. Age did not differ between the groups, but there was a significant predominance of the female gender in the normal BW group (60.4% versus 39.6%, p=0.006). In the high BW group, the means of BMI (26.0 ± 4.0 kg/m 2 versus 24.6 ± 4.0 kg/m 2 ; p=0.002), WC (83.3 ± 10.1 cm versus 78.5 ± 9.4 cm; p=0.013), SBP (113.5 ± 12.3 mm Hg versus 108.6 ± 12.0 mm Hg; p=0,047) and DBP (72.5 ± 10.8 mm Hg versus 68.1 ± 9.0 mm Hg; p = 0.017) were significantly more elevated than those in the normal BW group, but they did not differ from those in the low BW group. The mean BMI Z-score significantly differed between the groups (p=0.013), being significantly more elevated in the high BW group as compared with the normal BW group (2.52 versus 1.90; p = 0.009). The students from public schools were characterized by a higher percentage of low and high BW than those from private schools (10.7% versus 4.0% and 13.3% versus 8.0%, respectively), but with no statistical significance. Table 3 shows the means of the lipid panel, glycemia, insulin and HOMA-IR, which did not significantly differ according to the BW. However, the following aspects are worth noting: the decreasing means of HDL-C (52.4 ± 14.4 mg/dL, 49.2 ± 11.9 mg/dL and 47.2 ± 8.3 mg/dL) from low to high BW, respectively; the mean values of TC (167.5 ± 24.4; 162.4 ± 30.1 and 167.2 ± 36.7) and TG/ HDL-C ratio (2.01 ± 1.27; 1.96 ± 1.37; 1.98 ± 0.85) showing a U curve distribution; and the serum insulin levels (8.8 ± 6.1; 8.1 ± 5.7; 9.7 ± 9.3) and HOMA-IR (1.8 ± 1.0; 1.7 ± 1.2; 2.1 ± 2.2) showing a J curve distribution. Table 4 shows the proportion of altered clinical and metabolic variables according to BW. Adolescents of the high BW group, as compared with those of the normal BW group, showed the following: a significantly higher prevalence of obesity (42.9% versus 19.3%; p=0.005); BMI .002, respectively). The SBP of adolescents of the high BW group, as compared with those of the low BW group, showed a trend to be elevated (42.9% versus 20.0%; p =0.082). It is worth noting the increasing percentages of HDL-C, non-HDL cholesterol (NHDL-C), hyperinsulinemia and HOMA-IR in the low BW, normal BW and high BW groups, although lacking significance. Table 5 shows the behavior of the diagnostic criteria for MS proposed by de Ferranti 18 and modified by Grundy 21 , according to BW. All five criteria were more prevalent in the high BW group; however, only high SBP was significantly more frequent as compared with that in the normal BW group (42.9% versus 15.3%; p=0.001) and showed a tendency to significance as compared with that in the low BW group (42.9% versus 15.0%; p=0.082). In addition, Table 5 shows a significantly elevated prevalence of MS criteria clustering in the high BW group as compared with that in the normal BW group (46.4% versus 18.3%; p=0.002), with a significant difference in the percentage of clustering of three cardiometabolic risk factors in the former. Chart 1 illustrates the proportion of MS criteria clustering per BW group. Chart 2, listing the mean number of MS criteria per BW group, illustrates clearly the clustering power of those with high BW as follows: low BW group, 1.50 ± 1.28; normal BW group, 1.40 ± 1.16; and high BW group, 2.11 ± 1.32 (p=0.014).
Results
The high BW group adolescents as compared with the normal BW group had a prevalence ratio for high SBP th percentile. The multivariate logistic regression indicated that high BW group adolescents have a 3.21 probability (95% CI: 1.3-7.9; p=0.011) of having SBP ≥ 90 th percentile and a 2.20 probability of tendency to central obesity (95% CI: 0.90-5.36; p=0.082) as compared with normal BW group adolescents.
Because the correlations between BW and cardiovascular risk factors are not linear, but have a U or inverted J form, the sample was divided into quartiles to undergo Pearson correlation analysis. The first and second quartiles were grouped, as were the third and fourth quartiles, for the analyses. The fourth quartile was also independently analyzed, due to its greater number of significant correlations (Table 6 ). 
Discussion
According to literature review, this is the first evidence of the association of intrauterine growth and clustering of cardiovascular risk factors in a sample of adolescents in the Northern-Northeastern region of Brazil.
The present study showed that, in the high BW group of adolescents, the probability of high BP, obesity and MS was two to three times greater than that in the normal BW group, suggesting that excessive fetal weight, by itself, can predispose to metabolic disorders in adolescence. In addition, it showed the increase in SBP as an independent variable associated with high BW, suggesting that its elevation can be influenced by changes in the BP regulatory mechanism that occurs in the uterus or during infancy.
A significant difference in the percentage of abnormalities of some risk variables could not be established between low and normal BW adolescents, as reported in other studies [1] [2] [3] [5] [6] [7] . A Brazilian study found no relationship between low BW and BP elevation 14 . However, the analysis of those risk variables shows that some of them were distributed in the three BW groups, in a U or J curve or linearly. Thus, WC, DBP > 90 th percentile, TC and TG showed an abnormality percentage distributed in a U or J curve, while the percentages of low HDL-C, serum insulin and HOMA-IR showed increasing values from low to high BW, suggesting metabolic effects resulting from high BW. Those data clearly suggest that high BW adolescents are prone to have more severe metabolic disorders 23 , a fact supported by the finding of an elevated mean number of MS criteria in high BW adolescents, approximately 1.8-fold greater than in normal BW adolescents and 1.6 fold greater than in low BW adolescents.
In this sample of adolescents, a contributing factor to the low frequency of metabolic disorders regarding low BW might be related to the greater difficulty in obtaining the information about BW from mothers of public school students. That information was only provided by 44.9% of them, probably from families with a better socioeconomic level, and, thus, with a lower chance of having intrauterine fetal restriction. In the initial study population of 470 adolescents, the ratio of public school to private school students was 2.5, dropping to 1.5 after BW information. Another limiting factor was the lack of information regarding maternal characteristics, mainly gestational age and prenatal conditions related to maternal weight. This study did not include nutritional data from infancy, because, although observation studies have suggested that programming extends throughout the first years of life, with breastfeeding representing a protective effect, their results are controversial 10, [24] [25] [26] . In addition, as the dietary data of the infants were not registered in their medical records and their collection would happen approximately one decade after the period of interest, the information would be strongly biased.
Chart 1 -Proportional number of metabolic syndrome risk factors according to birth weight (BW).

Chart 2 -Median and standard deviation of the diagnostic criteria of metabolic syndrome (MS) according to de Ferranti, according to birth weight (BW).
The validity of this study data is reinforced by the similar mean age of the adolescents in the three BW groups and by the proportionality of the BW groups to that of the population of the city of Salvador in the 1990s 22 . The global predominance of the female gender (F/M=1.6) is expected in a volunteer selection study, in which a more effective participation of females is frequent. The frequency distribution of the racial group is in accordance with the ethnical-social stratification of the population of the city of Salvador, with a predominance of non-white individuals.
Conclusion
This study reveals that, in a certain sample of adolescents, those with a BW ≥ 4,000g can have a high prevalence of MS in adolescence, with elevated SBP as the major cardiovascular risk factor. No increase in the prevalence of cardiovascular risk factors was observed in adolescents whose BW was ≤ 2,500g. Prospective studies initiating in the prenatal period are important to clarify the complex mechanism of adaptation to fetal growth restrictions or excesses, as the most effective way to ensure a healthy metabolic development.
